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Title: 



MULTI LAYER SCREEN AND DOWNHOLE 
COMPLETION METHOD 



common 



Field of the Invention 

[0001] The field of .tins invention relates to downhole screens, which can be 
expanded into contact with die formation. 
Backgroui " 1 nf * he Invention 

[0002] Downhole screens are used in a variety of different applications. As part of a 
procedure called gravel packing, the screens are deposited adjacent the 
producing formation and the surrounding annular space is filled with sand known as 
gravel. Various fabrication techniques have been developed for manufacturing such 
screens and a typical example is illustrated in US Patent 5,611,399. 
[00031 More recentiy it has been determined that it is desirable to reduce the size of 
the annular space between the screen and the fonnation. Reduction of the volume of 
the annular space around the screen discourages fluid flow along the screen, which, in 
turn, lessens the production of sand. In order to be able to produce the reservoir 
longer, it has been desirable to insert screens in well bores or laterals and thereafter 
expand them. A good example of the expansion techniques for a downhole screen is 
shown in U.S. Patent .6,012,522. In this patent, overlapping segments of screen are 



PCT/US01/27581 
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ftem ft which in « result in a of to ^— — — * 
^ifteproductiottofaatd. Anom^^^of^desi^^toaed 

capacity to withstand collapse. 

1*; ™«e expansions are: U.S. Patent 5,901,789 and 
[0004] Other patents relating to pipe expansions are 

5,366,012. 

,0,05, The main object of ft. present invention is «o alow «sy insudlation of*. 
^ „ ft, deallocation Mow* by expansion to reduce fte votane of fte 
^ space «ound fte screen. Ye, anofter object of fte invention is to expand ft. 
„. against fte formation to entirely eliminate the annular space around tt Yet 
softer objective of fte present invention is to snow fte use of fte stiucmre of fte 

Another objective of fte preset invention 

Utodeorease fte amount of sttess on fte filtration member when expanded. Yet 
softer objective of ft. present invention is to provide a signify sbonger 
m ftr fte finUhed product, which even after expansion present a greater 
stance to collapse, Softer object of fte invention is ft provide, as much as 
possible, untfmnity in fte opening size of fte filtration layer after fte: assembly is 
expaaded. Anofter objective is to provide sufficient stiengft ft the assembly, after 
^on m allow it to better resist dUTerential.pressures. Still another objective is ft 
reduce ft. effort required for expatsion and to stage fte overall expansion in discrete 
steps. These and ofter advantages of the present invention will be appreciated by 
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those skilled in the art from a review 



of the description of the preferred embodiment, 



which appears below. > 



1NTTON 



UTMMAHY OF THE 

[0006] A downhole completion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises a plurality of layers beginning with a coated 
perforated base pipe, The coating reduces the force required for expansion. A 
drainage layer overlays the base pipe with the filtration layer above it The drainage 
layer improves flow through the filtration layer and protects it from burrs in the base 
pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 
protects the assembly during run in. The assembly can be used as made or expanded 
downhole in one or a series of expansions. i 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00071 Fig. 1 is cutaway view, partly in section,) showing the filter assembly. 
[0008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

■ 

[00091 Fig. 3 is a section view of a first step in a multi step expansion, of the filter 
assembly. i 

[0010] Fig. 4 is a section view of a second step in a multi step expansion of the filter 
assembly » 

[00111 Fig. 5 is a comparison performance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of: the present 
invention. 

THETAfliED DF^raiPTTON OF THE ^ththRED EMBODIMENT 
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l0MI] Referring to Fig. 1, to — *- onto ptefcrrrf snbodiment - sho™. 
Tfie innermost layer ft a perforated base *. M. - » " ^ 

13 . Base pipe !0 provide a to foundation ** to bye. above. The pa«cm of the 
W. 12 is optimized to sti*. the best oalarce brfween eolhpse resistance after 
expansion and inftumizstion of the fotce reojuied to expand tins layer and those 
phoned outeide ft, . wtil be described below. This optimization allows expansion* 
ta to mge of up to about 30%. The base pipe 10 can have threads 14 and 16 at 
opposite ends ,o allow sections of the filter assanbly A to be secured togetor, giving 
g.ater tomion and tension strength for the filter assembly A. A coating 18 made 
p.e.erably ftom a plastic material canbe applied to me inside of me base pipe 10. The 
Corp. msnnfacmres the coating under the nam. Xylan lOSMJltimately, 
wh en an expander 20 (see Fig. 3) is moved tinongh base pipe 10, me coating 18 will 
ft. mptired expansion force. The greater cotiapse resistence of to base pipe 

p^tes to highest expansion xat. for a given material for base pipe 10 while still 
leaving sufficient inflow area through to pipe openings or perforations 12. Using 
rou nd, rounded, or oval opening instead of slots provides for a metonicdly shonge* 
filter assembly A In to preferred embodiment, to coating 18 is Xylan and it can 



required force for a g 
resistance to gallinj 



expander such as 22 (see Fig. 4). 

[0013] Mounted above the base pipe 10 is a drainage layer 24. Drainage layer 24 is 
between base pipe 1ft and filtration layer 26. The drainage layer 24 promotes flow 
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fte filtration layer 26 and the openings 12 of ft. has. pipe 10. * ft. 
^ .nbodim** *» **» ^ » — — ^ * ^ "* 

of ^ A bmided * —*r I— ■ — * oto 

SS Braid 600 304B.ll»d^^24pro te c teai .ffl« 11 io»^« ft »' t » ro 

« powers around ft. edges of opening 12. In fte even, . W «"«-« 

du e ,o proton, ft. presene* of ft. drainage layer 24 provides structural support 

fc ft. M. * * <— wire drainage layer 24 could be subsfitotod 

^ ss ^ofson MW ^ to o^^34,« to ^ha«a^ft» 

the base pipe 10, 

[0,141 Mounted over*, dranuge layer 24 is fte filtration layer 2*. The filtration 
Uycr 2, has unifonn openings. The preferred matorial is a spent* type ofTwiU Dutch 
w eave This material gives very ri» umfbrmfty to fte opening ste after 
e^naton. In ftis manner ftere oau he confidence to ft. particle are, which will no. 
pass filtration layer 26 .nil. giving greater protection against plugging or (he passage 
of too many partielea. As shown in Fig 1, the filhation layer 26 is oriented at an 
^e to fte longitodmal axis of fte finer assembly A. This angle canbein the range 
„, aout ,0 to about 80 degrees wift about 20 degree, being preferred. Orienting fte 
filtering layer 26 at an angle allows minintiz*ion of ehange in opemng size and 
..fitonnity, resulting, fiom expansion. The Dutoh TwiU weave provides gretfer 
dnrabiliry andpartiol.bolding cepaoHy. Negative effects onholo size andnnifbrnmy 
as a result of expansion am ftmher nummized by using a reverse weave.Twill Dutch 
patten, A reverse weave is one where fte diametor of fte weft (abut.) wires 28 is 
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larg er fcan *hc warp * » by - ™ch . abou, 50 percent The -nbintfon of me 

„*, of «. fibrauon layer 26 by a spnal winding technique 

wi* a reverse weave yields a more predicfcUe and unifonn opening size aft* 

expansion. 

,0015, Mounted ov«ita fibrauon layer 26 is tbe fiftration «tanc«»n. layer 32. 
TUs layer promotes greater flow cavity ftom the ententes, layer, Are outer 
stamd 34. Layer 32 acts as a coarse filter to layer K and pmlongs to life of filtration 
byer 26. This ean be seen in the gtaph of Fig.,5, wb«e the addition of the filtranon 
atanconen. lay* is curve 36. Tbe same fiftc ass^bly A of tbe present invention 
W witboot the filtmnon enhancement layer 32 is illustrated by arrve 38. Curve 40 
Kpresent , ta performance of a known produc. made by Baker Hu^es called 
Excluder. Fig 5 readily demonstrates that me addition of fire nidation enbancement 
tayer 32 nearly triples the time it takes to build up a backpressure of 40 PSIG ft*- tbe 
same flow conditions: Leaving out tbe filtration enhancement layer 32 also makes 
tat version of the present invention perform somewhat comparably to the known 
Excludes design. Several different weave types am suftable for layer 32 such as: 
square weave, Compound Balanced, Tight Tuck, and Braided Weave A suitable 
Ccnpound Balanced .material is available ftom Porous Metal Produdts, model # 
CB_3_96_192_21/24.: A metallic material is preferred. 

[00161 THe outer shroud 34 is preferably formed from spirally winding.a perforated 
sheet into a tube. Tbe hole size and pattern is c^timized to facilitate expansion and yet 
provide sufficient collapse resistance in the expanded state. It is desired to have the 
_ nf tKe oneoines maximized but to limit the opening size and use a 
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^pauem soothe outer shroud wift no, buckle - « «*— • * 
^ ^se of foe — 34 * * protoc, fo. *. W~ - *— 



during 



^ . . , tnagther bv swa gmg to reduce the outside diameter 
(00171 The layers can be joined together by swaging 

filter _* A. Swaging also makes flie various layers so, as one with regard 
to expansion and provides greater strength against collapse after expansion. It is 



^ *> amea, foe components individually before swagfog or to anneal the 
ffl tmuon *semb,y A after all the component have heen aasenfolefo Doing ftns 

™+^™tt failure This benefit is. particularly 
permits a greater degree of expansion without feuure. mis 

t . in t-. ^ of annealing envisioned is solution annealing 
appficable to the base pipe 10. The type or annoys 

to 1800 degrees F. AnneaUng of the base pipe 1. is done before applying *. cosing 

lg ta ,o the inabftity of the ooating IS to wifostend foe armeafing temperatures. 

u * fe**! of swatting to join the layers together. The layers are 
Sintering can be use* instead ot swagmg u> 

pmfcfomy assemble* in the following manned bmided wire of suftabte damage 
layer 24 is placad on me base pipe 1. which has previously be« drifted with holes, 
^ aod fore^ Tb«, foe fiftrauon layer 26 is wrapped at an angle over me fop 
of *e dminag. layer 24. Anofoer Uyer, called the fiftrarion enhancement layer 32 is 
pl ac«d over foe fop of foe filtration layer 26. Then, an outer shroud 34 is place* over 
fce fixation enhancement foyer 32 and foe fohU package is run forough a set of foes 
« swages or forces aft rxtrnpoueute to 1 
(„,,,] The filter assembly Ahas the advafoageof superior performance, whether his 
^anded downhole o, not ,f ft is no, expanded, it c*n be grave, packer! in foe known 
manner. Figs. 3 and 4 illusttate a unique stepwise expansion technique. In a &* 
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^ . expand* 20 which may be a tad cone or a coo, with variable diameter is 
^ downwarely toough to «- assembly 1 A to achieve about a .5% erosion. 
At to tower end of to filter assembly A a cone latch 42 engages a fixed or variable 

the overall expansion to as much as 50%. 



diameter expander or .cone 22 to increase 
As previously stated,- more expansion steps can 



be used and different degrees of 



can he ohtained with this technique. It 



stepjwise expansion and overall expansion 

should be noted that the second expansion does not necessarily have to proceed in a 
direction opposite the first expansion. 

[00191 There are many application* of to filter assembly of to present invention. In 
horizontal open hole completions tore are osnafiy more to* 1,000 feet of contact 
with the productive formation, sometimes in excess of 9,000'. Because tore is so 
m uch contort to amount of production per foot is very low. In most cases if to 
theoretical production per foot was traveling into a screen direct* op»ostte of to 
fonnation to to velocity would be too low to transport sand fiom unconsolidated 
famations or cause erosion. There are many wells in which erosion is.takmg place 
^sandisbemgprodueed. Prosentiy tore are a couple of toories tot explain tins 
occurence. First to formations may be so una.naolida.ed tot they simply foil apart 
when to pressure in to well bore used to control to well during Idrilling and 
feting to well is removed. Thiaia referred toaa hole or formation: collapse. A 
second possibility is tot fluid flows along to path of least resistance. Shis may be 
on to inside of a screen tot is in place or along to outside. As to flow proceeds 
towards to beginning of to open hole section, to accumulative effects of 
production means to velocity is much higher towards to top section (beginning) of 
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8 



PCIYUS01/27581 

WO 02/23009 



to open hole. This vdocity (accumulated ^ c» be high otough on to o*side of 
to screen to transportsaud and to erode the tarnation and screen. 

_ , l^nriwmtal well the aimulus between the 
[00201 By expanding screen in an open hole horizontal wen m 



screen 



and the formation can be greatly reduced or even eliminated. Reduction of the 
annulus means great* resistance to flow and therefore production flow is reduced on 
to^**^***^"**"** ^^cnoninexteriorflow 

r the well bore and therefore less sand transportability and 



means lower velocities n< 
less erosion effects. ' 

[00211 Brpansion can also rid in famrfon stability by physic* supporting the 
ta^tf^.^.*^™***"^**''^ This support in 
ton could prevent fte collapsing of the formation .ton the pressure in the well bore 

is reduced. 

. [00221 fccasedholeappU^ 
inside diameter for remedial workbelow its installation. Another advantage is that in 
frac packs and gravel packs all mat is necessary to do is to place the proppant or sand 
in the perforation tunnels and formation fractures. Annular packs between the screen 
and the easing, which are often difficult to achieve, are not necessary since expanding 
screen removes this annnlus. The filter apparatus A could also be used in conjunction 



with a frac pack or gravel pack and subsequently expanded to back fill any voids in 
the annulus I pack or perforations not filled. 
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We claim: 



L An expandable filter assembly for downhole use, comprising: 

a base.pipe having an inside surface, a longitudinal taxis, and a 

plurality of openings; 

at least one filtration layer mounted over said base pipe, said layers 
each being annealed to facilitate subsequent expansion downhole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pipe are individually annealed prior 

to being joined together. 

3. The assembly of claim 1, wherein: : 

said filtration layer and said base pipe are annealed after being joined 

together. 

4. The assembly of claim 1, wherein: : 

said filtration layer and said base layer are swaged together and said 
annealing further comprises solution annealing at up to about 1800 
degrees F. 

5. The assembly of claim 1, wherein: : 

said inside surface of said base pipe is coated to reduce the force 

needed ifor subsequent expansion. 

6. The assembly of claim 5, further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

7. The assembly of claim 6, wherein: 
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said staged expansion occurs in a single direction. 



8. The assembly of claim 6, wherein: 

said staged expansion occurs in opposed directions. 

9. The assembly of claim 6, wherein: : 

. . a „ ApA - m etases up to about 30% above its original 

said base pipe is expanded in stages up ^ 

dimension. 
10 The assembly of claim 6, wherein: : 

— fiftering layer comprise, a weave having weft and w*p wire. - 

^ta one of said weft and warp wire, is — of 

™* r^ect to the longitudinal axis'.of said base 
about 10-80 degrees with respect to tne 

pipe. » 

11 The assembly of claim 10, wherein: I 

weft *. nave a tager diameter to said ^ ^ * - 

much as about 50%. 
12 The assembly of claim 10,whereni: i 

M at leas, one Station .oyer &rmer comprises a wovm drainage 
lavet on said base pip. and a main filtration layer, said drainage layer 
^.acting said main filtration layer ftom burrs in epeninga in said baa. 
pip. arKlpro^dingmechaniea. sopport for said main filtration lay*. 

13 lie assanbly of elaim 11, fcrther comprising: 

a Station mhancement layer mounted over »d main filtration layer 
aud ftrmer comprising a weav^said drainage layer and arid filtration 



I 

I 
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Warrant layer are spirally wound to one* wixea thereto in 
^staoMaUg^twiih^dwirestosaid^fflWionteyer. 



14, The assembly of claim 10, wherein: I 

said openings in said base pipe ate round, rounded or oval. 

15. An expandable filter assembly for downhole use, comprising: 

a base, pipe having an inside surface, a longitudinal «fc and a 

plurality of openings; 

at least one filtration layer mounted over said base pipe, 
• sa id inside surface of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

16. The assembly of claim 15, wherein: I 

said coating is made of a plastic material and said openings are round, 

rounded or oval. 

17. The assembly of claim 15,further comprising: 

an expander capable of multi-stage expansion of said base pipe and 

said filtration layer. 

18. The assembly of claim 17, wherein: i 

said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axisiof said base 
pipe. \ 

19. The assembly of claim 18, wherein: 1 
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said layers 



eech being annealed to MW» subsequent expansion 



downhole; 

* fflbnnon layer and said base layer are swaged togete and said 
MBfialtag fbrfcer eunprises solution anneal at op to about 1S00 
degrees F. 



2, An exportable fita assembly for downbole use, eompmmg-. 

. b.e.pipe having an inside surface, a longitudinal «b, and a 



plurality of openings; 

filtration layer momted over said base pipe; and 

an expander capable of multi-stage expansion of said base pipe *nd 



at least .one 



said filtration layer. 

21. The assembly of clahn20, wherein: i 

, A m vm to about 30% above its original 
said base pipe is expanded in stages up i» 

dimension 

22 The assembly of claim 20, wherein: i 

said layers each being annealed to facilitate subsequent expansion 

downhole; 

aid filtration layer and said base layer are swaged together and said 
sealing forte oomprises solution annealing at op to about 1800 
degrees F. 

23. The assembly of claim 22, wherein: i 
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saW filtering layer comprises a weave having weft and w*p wires and 
wherein one of said weft aid warp wires is disposed at m angle of 
about 10-80 degrees with respect to the longitodtoal axis of said base 

pipe. > 

24. An expandable filter assembly for downholeuse, comprising: 



• L • « insri^e surface a longitudinal laxis, and a 
a base, pipe having an insiae sunauo, o 

plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 
about 10-80 degrees with respect to the longitudinal axis.of said base 
pipe, i 

25. The assembly of claim 24, wherein: I 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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